INTRODUCTION {#sec1-1}
============

In 1992, the US Centers for Disease Control (CDC) revised its definition of "wound infection," creating the definition "surgical site infection" (SSI) to prevent confusion between the infection of a surgical incision and the infection of a traumatic wound. Nosocomial infections occurs worldwide and affect both developed and resource poor countries. Surgical wound infection is a serious hazard to patients, with incidence according to CDC was 15.45%, and according to the UK nosocomial infection surveillance was 11.32%, and according to ASEPSIS was 8.79%.\[[@ref1]\] About 77% of the deaths of surgical patients were related to surgical wound infection.\[[@ref2]\] SSIs are classified into incisional SSIs, which can be superficial or deep, or organ/space SSIs.

A complex interplay between host, microbial, and surgical factors ultimately determines the prevention or establishment of a wound infection. The most common group of bacteria responsible for SSIs are *Staphylococcus aureus*. The emergence of resistant strains has increased the morbidity and mortality associated with wound infections. These strains are beginning to develop resistance to vancomycin in North India found in study of Tiwari *et al*. and they suggested to do such study in other parts of India also because the emergence of VRSA/VISA (Vancomycin resistant *Staphylococcus aureus* / vancomycin intermediate *Styphylococcus aureus*) might also be prevalent as antibiotic misuse is equally common there.\[[@ref3]\] Vancomycin is currently the most effective antibiotic against MRSA. This new resistance has arisen because another species of bacteria like *acinetobacter* commonly express vancomycin resistance.\[[@ref4]\]

*Pseudomonas aeruginosa* is an epitome of opportunistic nosocomial pathogen, which causes a wide spectrum of infections and leads to substantial morbidity in immuno compromised patients. Despite therapy the mortality due to nosocomial *Pseudomonal pneumonia* is approximately 70%.\[[@ref5]\] Unfortunately, *Pseudomonas aeruginosa* developed resistance to most of antibiotics thereby jeopardizing the selection of appropriate treatment.\[[@ref6]\] Therefore, in present study, we also find out the antibiotic susceptibility patterns of *Pseudomonas aeruginosa*.

Risk factors other than microbiology can be due to systemic factors affecting the patient\'s healing response, local wound characteristics, or operative characteristics. Its risk depends on bleeding, the amount of devitalized tissue created, the need for drains within the wound, obesity and diabetes mellitus.\[[@ref7]\]

They are the third most frequent nosocomial infection, associated with increased hospital stay, costs, and use of antimicrobial agents.\[[@ref8]\] Antibiotic resistance can be controlled by appropriate antimicrobial prescribing, prudent infection control, new treatment alternatives, and continued surveillance.\[[@ref9]\]

Due to significant changes in microbial genetic ecology, as a result of indiscriminate use of anti-microbials, the spread of antimicrobial resistance is now a global problem. Present study was carried out to find out common bacterial pathogens responsible for postoperative wound infection and antibiotic susceptibility of various isolates. It assists the clinicians in appropriate selection of antibiotics especially against hospital acquired infections.

MATERIALS AND METHODS {#sec1-2}
=====================

This prospective, observational, hospital-based cohort study was carried out after prior approval by Institutional Ethics Committee. Total 938 patients of either gender in different age groups admitted to the general surgery wards of Guru Gobindsingh Hospital, Jamnagar, were enrolled in the study between January and September 2006.

In all cases, preoperative, intraoperative, and postoperative details were studied. Information was collected in a case record form for age, sex, date of admission, associated co-morbid condition, reason for admission, type of surgery: emergency or planned, procedure, duration of surgery, preoperative and postoperative stay, preoperative antibiotic prophylaxis and type of wound clean, potentially infected and frankly infected wound.\[[@ref10]\] All patients were followed up in wards till discharge from the hospital.

Samples for wound infections were collected from the patients with complaints of discharge, pain, swelling, foul smelling, delayed and non healing wound by using a sterile swab, taking care to avoid contamination of the specimen with commensals from the skin, and were immediately transported to the laboratory. They were studied for identification of isolates by Gram stains and culture growth on nutrient, blood and MacConkey agar. Colonies from nutrient agar were used for biochemical tests and antibiotic sensitivity. On isolation of Gram positive cocci, catalase, and coagulase tests were done. Gram negative bacilli were distinguished using biochemical tests IMViC (indole, methyl red, Voges-Proskauer,citrateutilization),oxidase and triple sugar iron (TSI) agar tests.After confirmation of the organism, culture growth was tested for *in vitro* antibiotic susceptibility testing performed by disc diffusion method (modified Kirby Bauer method) on Muller Hinton agar.\[[@ref11]\] The disc (Eos L0 aboratories, Mumbai) contents are shown in [Table 1](#T1){ref-type="table"}. Data were expressed as proportions.
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RESULTS {#sec1-3}
=======

Out of 938 surgeries, 110 (11.73%) cases developed postoperative wound infections. Maximum number of patients (62.73%) were from 5^th^, 6^th^, and 7^th^ decade of age group. Higher infection rate was noted in males (12.78%) as compared to females (10.60%). Postoperative wound infection rate was 7.28% in clean surgeries, 9.63% in potentially infected surgical wounds and 19.19% in frankly infected wounds. The rate was higher in gangrene (30.0%), diabetic foot (22.45%), surgeries on large bowel (20.0%), abscess (18.18%), and in cellulites (15.52%). Following antibiotics were used for pre-surgical prophylaxis: crystalline penicillin, ampicillin, cloxacillin, cefadroxil, cefotaxime, ceftriaxone, ceftazidime, cotrimoxazole, ciprofloxacin, norfloxacin, gentamicin, amikacin, and metronidazole. All the patients had received two to four antibiotics in varying combinations. Most commonly used combinations were: Beta lactum antibiotics (crystalline penicillin / ampicillin / cefotaxime) ± cloxacillin / aminoglycosides (gentamicin, amikacin) / metronidazole and fluroquinolone (ciprofloxacin) ± cloxacillin / aminoglycosides (gentamicin, amikacin) / metronidazole.

Total 183 organisms were identified by gram staining, 57 were gram positive (31.15%) and 126 were gram negative (68.85%). Predominant organisms isolated were: *Staphylococcus aureus* 48 (26.23%) *Klebsiella pneumoniae* 38(20.77%), *Pseudomonas aeruginosa* 37 (20.22%), and *Escherichia coli* 29 (15.85%). *Staphylococcus aureus* was sensitive to rifampicin (89.58%) followed by levofloxacin (60.42%) and vancomycin(54.17%), while it was resistant to oxacillin (29.17%)and penicillin (25%). In one case, *Staphylococcus aureus* was resistant to all antibiotics used for sensitivity testing. Vancomycin resistant *Staphylococcus aureus* was sensitive to rifampicin (95%), levofloxacin (35%), tetracycline (25%), erythromycin (25%), ciprofloxacin (20%), and roxithromycin (20%). *Staphylococcus epidermis* was 100% sensitive to cefazolin, levofloxacin, oxacillin, rifampicin, and vancomycin, while it was less sensitive to gentamicin (77.78%), ciprofloxacin (77.78%), erythromycin (77.78%), penicillin (55.56%), and clindamycin (44.44%). *Pseudomonas aeruginosa* was sensitive to ciprofloxacin (83.78%) followed by gatifloxacin (51.35%), meropenem (51.35%), ceftazidime (45.95%) and linezolid (43.24%). About 34.37% of isolated strains were resistant to both ceftazidime and meropenem. In these resistant strains, sensitivity of ciprofloxacin, gatifloxacin, cefazolin, and linezolid were 81.18%, 27.27%, 27.27%, and 18.18%, respectively. *Escherichia coli* was sensitive to levofloxacin (72.41%) and ciprofloxacin (62.07%), while it was less sensitive to ceftazidime (27.59%), cefuroxime (20.69%) and cefdinir (13.79%). *Klebsiella pneumoniae* was sensitive to gatifloxacin (63.16%), levofloxacin (63.16%), ciprofloxacin (63.16%), and linezolid (56.52%), while it was resistant to ceftazidime (36.84%), cefuroxime (34.21%) and cefdinir (15.79%). *Proteus mirabilis* was sensitive to ciprofloxacin (75%) and linezolid (62.50%), while it was resistant to cefdinir (25%), cefuroxime (25%), co-trimoxazole (25%), and ampicillin+sulbactam (12.50%). *Proteus vulgaris* was sensitive to ampicillin+sulbactam (57.14%) followed by levofloxacin (50%), meropenem (42.86%), and ciprofloxacin (42.86%), while it was resistant to cefdinir (7.14%) and cefuroxime (7.14%).

Among the studied antibiotics the gram positive isolates were sensitive to rifampicin (91.23%), levofloxacin (66.67%) and vancomycin (61.40%), whereas they were resistant to penicillin (29.82%), gentamicin (29.82%), and clindamycin (22.81%) \[[Figure 1](#F1){ref-type="fig"}\]. The gram negative isolates were sensitive to ciprofloxacin (67.46%), levofloxacin (56.35%), gatifloxacin (51.59%), and linezolid (50.79%), and were resistant to cefuroxime (24.6%), co-trimoxazole(19.84%) and cefdinir (16.67%) \[[Figure 2](#F2){ref-type="fig"}\].
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DISCUSSION {#sec1-4}
==========

In present study, rate of postoperative wound infection was 11.73%, that is similar to the other studies conducted in India.\[[@ref12]\] We had observed higher infection rate for clean (7.28% vs 2.6% to 2.9%),\[[@ref10][@ref13]\] potentially infected (9.63%vs 5.4% to 14%),\[[@ref10][@ref13]\] and frankly infected (19.19%vs 3.4% to 9%)\[[@ref10][@ref13]\] post-operative wounds as compared to previous studies. Present study supports the conclusion of Malone *et al*. that diabetes is a significant preoperative risk factor for surgical site infections.\[[@ref14]\] On gram stain examination, 31.15% pathogens were gram positive and 68.85% were gram negative, as against 69% for gram positive and 29% for gram negative organisms in other setups.\[[@ref15]\] This difference may be due to variation in common nosocomial pathogens inhabitant in different hospital set up. Though percentage of gram negative bacilli from the wounds was more, *Staphylococcus aureus* was predominant organism isolated followed by *Klebsiella pneumoniae, Pseudomonas aeruginosa*, and *Escherichia coli*; similar findings were observed in the studies done previously.\[[@ref13][@ref15][@ref16][@ref17]\] The organisms most frequently involved in surgical infections change from time to time, and also vary with hospital settings.

Our study had shown reduced sensitivity of *Staphylococcus aureus* to most of antibiotics: rifampicin (89.58% vs. 99%),\[[@ref18]\] levofloxacin (60.42% vs. 73 %),\[[@ref19]\] vancomycin(54.17% vs. 98.7% to 100%),\[[@ref17]--[@ref20]\] oxacillin (29.17% vs. 28% to 61%),\[[@ref18][@ref20]\] ciprofloxacin (41.67% vs. 25% to 66.7%),\[[@ref17][@ref20]\] erythromycin (33.33% vs. 14%),\[[@ref18]\] cefazolin (31.25% vs. 61% to 71.8%),\[[@ref17][@ref18]\] and gentamicin (20.83% vs. 77%)\[[@ref21]\] as compared to previous studies. *Staphylococcus aureus* resistance to vancomycin was found to be 45.83%. Incidence of VRSA is higher than other reported studies from India.\[[@ref22]\] This should be cautiously interpreted as this might be because of false positive result by bacteria like *acinetobacter*\[[@ref4][@ref23]\] and the resistance to vancomycin was not counterchecked by other laboratory. Other study also shows false positive result by using same disc diffusion method, like IyerRN (2008) studied that *Styphylococcus aureus* was also capable of transformation into the homogenously resistant strains and adhering to artificial surfaces, 20-fold higher than the usually encountered MRSA isolates. The BSAC (British Society for Antimicrobial Chemotherapy) has standardized method for disc diffusion testing to evaluate vancomycin susceptibility for MRSA isolates.\[[@ref24]\] A screening method developed by Hiramatsu*et al*.\[[@ref25]\] appeared to show promise a few years ago, but was found to yield both false positives and false negative results.\[[@ref26][@ref27]\] There is a need for the modern day clinical laboratory to develop a definitive method to confirm hetero-resistance to vancomycin among MRSA isolates as this could direct antibiotic therapy. The chief options in this direction are modified PAP method, gradient plates, and the addition of Mu 3 cell wall material to media.\[[@ref28]\] Additionally, in 2009, the Clinical and Laboratory Standards Institute (CLSI) altered the guidelines for staphylococci such that disc diffusion was no longer an acceptable means for testing vancomycin susceptibility in these organisms.\[[@ref29]\]

This certainly has implications in the management of infections caused by these strains in the nosocomial setting. It is essential for clinical laboratories to screen for and confirm vancomycin resistance in the clinical laboratory. However, there is need for active VRSA surveillance by healthcare institutions in India to enforce infection control measures, rational use of antibiotics and to prevent development of further resistance against this organism.\[[@ref3]\] Rifampicin is highly active against staphylococci, but like *Mycobacterium tuberculosis* resistance develops rapidly if is used as a monotherapy. It should be use with linezolid, quinupristin/dalfopristin, newer fluoroquinolones or other agents to prevent further resistance.

In our study, *Staphylococcus epidermis* was 100% sensitive to vancomycin, cefazolin, rifampicin, levofloxacin, and ofloxacin, followed by ciprofloxacin (77.78%), tobramycin (77.78%), gentamicin (77.78%), and erythromycin (66.67%). Other studies had shown variable sensitivity pattern with vancomycin (96% to 100%),\[[@ref17]--[@ref19]\] ciprofloxacin (75.8%),\[[@ref17]\] erythromycin (43% to 60%),\[[@ref18]--[@ref19]\] and cefazolin (35% to 79.2%).\[[@ref17][@ref19]\]

As compared to other studies, in our study *Pseudomonas aeruginosa* showed reduced sensitivity to commonly used antibiotics except ciprofloxacin (83.78% vs. 76%), meropenem (51.35% vs. 90.5%), ceftazidime/clavulanic acid (45.95% vs. 71.5%), levofloxacin (43.24% vs. 72.5 %), and ofloxacin (32.43% vs. 62.5 %).\[[@ref30]\] Ciprofloxacin has been stated to be the most potent drug available for the treatment of *P. aeruginosa* infections.\[[@ref31]\] This report is in conformity with the result of this study in which ciprofloxacin recorded the least resistance (26.22%) to *P. aeruginosa* isolates from wound infection patients. Similar reduced resistance of *P. aeruginosa* to ciprofloxacin has been reported in Jamaica(19.6%) (Brown and Izundu,2004), Latin America (28.6%)\[[@ref32]\], Ilorin Nigeria (24.7%)\[[@ref33]\] and in Kuala Lumpur, Malaysia (11.3%).\[[@ref34]\] It is undoubtable that at the present time, ciprofloxacin is the most effective antibiotics against *P. aeruginosa* involved in wound infection relative to most other commonly used drugs.

*Pseudomonas* resistant to carbapenem and third generation cephalosporins is real threat. In fact, the irrational and inappropriate use of antibiotics is responsible for the development of resistance of *Pseudomonas species* to antibiotic monotherapy. Periodic susceptibility testing should be carried out over a period of two to three years to detect the resistance trends. Also, a rational strategy on the limited and prudent use of antipseudomonal agents is urgently required. The incidence of *Pseudomonas aeruginosa* in postoperative wound infection is becoming more serious in developing countries because of relaxation in general hygienic measures, mass production of low quality antiseptic, and medicinal solutions for treatment, difficulties in proper definition of the responsibility among the hospital staff\[[@ref35]\].

Sensitivity pattern of *Escherichia coli* in our study as compared to others were levofloxacin (72.41% vs. 97 % to 100%),\[[@ref18][@ref19]\] ciprofloxacin (62.07% vs. 97% to 100%),\[[@ref18][@ref20]\] meropenem (51.72% vs. 100%),\[[@ref19]\] ampicillin+sulbactam (51.72% vs.83% to 84%),\[[@ref18][@ref20]\] cefazolin (41.38% vs. 92% to 94%),\[[@ref18][@ref20]\] ceftazidime/clavulanic acid (27.59% vs. 91% to 99%),\[[@ref19][@ref20]\] ofloxacin (27.59% vs. 97%),\[[@ref19]\] cefuroxime (20.69% vs. 91%),\[[@ref20]\] cefdinir (13.79%), and cotrimoxazole (10.34%). So, reduced antibiotic sensitivity pattern noted for *E. coli* suggests its importance for hospital acquired infection. *Klebsiella pneumoniae* was sensitive to linezolid (65.79%) followed by levofloxacin (63.16%), ciprofloxacin (63.16%), and gatifloxacin (63.16%). However, our study had shown reduced sensitivity to ciprofloxacin (63.16% vs. 100%), cefazolin (44.74% vs. 100%), ceftazidime /clavulanic acid (36.84% vs. 100%), cefuroxime (34.21% vs. 100%), cotrimoxazole (26.32% vs. 100%) as compared to previous studies.\[[@ref20]\] *Proteus mirabilis* was sensitive to ciprofloxacin (75%) and linezolid (62.50%), its sensitivity pattern were reduced for ciprofloxacin (75% vs. 95% to 100%),\[[@ref18][@ref20]\] cefazolin (37.50% vs. 98% to 100%),\[[@ref18][@ref20]\] ceftazidime/clavulanic acid (37.50% vs. 100%),\[[@ref20]\] levofloxacin (37.50% vs. 95%),\[[@ref18]\] cefuroxime (25% vs. 100%),\[[@ref17]\] co-trimoxazole (25% vs.97% to100%),\[[@ref18][@ref20]\] ampicillin+sulbactam (12.50% vs. 80% to 95%)\[[@ref18][@ref20]\] as compared to previous studies. In our study, *Proteus vulgaris* was sensitive to ampicillin+sulbactam (57.14%) followed by levofloxacin (50%), meropenem(42.86%), and ciprofloxacin (42.86%). However, compared to previous study sensitivity of organism to most commonly used antibiotics were reduced for levofloxacin (50% vs. 100%), meropenem (42.86% vs. 100%), ceftazidime/clavulanic acid (28.57% vs. 100%), and ofloxacin (28.57% vs.100%)\[[@ref19]\] . So, our finding supports the undesirable trends in antibiotic resistance, indicating decreasing efficacy of antibiotic classes such as second and third generation cephalosporins, extended-spectrum beta-lactamase inhibitor, carbapenems, and fluoroquinolones against gram negative bacilli.\[[@ref36]\] The increased prevalence of extended-spectrum beta-lactamases may contribute to the finding of multidrug resistance. Linezolid, which is commonly used antibiotic for Gram positive bacteria also showing sensitivity against Gram negative bacteria in our study. This shows need to further study for *in vivo* effectiveness of Linezolid against Gram negative bacterial infections.\[[@ref37]\]

Postoperative sepsis rate in any hospital depends much on the case material, hospital environment, irrational use, and availability of antibiotics. Antibiogram might be varying depending on the study group and hospital set up. So the trend now a day is comparative studies in the same hospital over years.

CONCLUSIONS {#sec1-5}
===========

There is an alarming increase of infections caused by antibiotic-resistant bacteria. Lack of uniform antibiotic policy and indiscriminate use of antibiotics may have lead to emergence of resistant bacterial strains. Particularly *pseudomonas* resistance to third generation cephalosporin and meropenem and VRSA/VISA are real threat to control hospital acquired infection. Hence, there should be an immediate response from the concerned authorities to check further emergence and spreading of these notorious VRSA strains and also there is a need to emphasize the rational use of antimicrobials and strictly adhere to the concept of "reserve drugs" to minimize the misuse of available antimicrobials. In our study linezolid shows good sensitivity against gram negative organism so further studies are required to check it. In addition, regular antimicrobial susceptibility surveillance is essential for area-wise monitoring of the resistance patterns. An effective national and state level antibiotic policy and draft guidelines should be introduced to preserve the effectiveness of antibiotics and for better patient management.
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